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This comment focuses on an early case of an open infrastructure that
emerged in the 1990s in international astronomy. It targets the reasons for
this infrastructure’s tremendous success and starts with a few comments
on the term ‘digital infrastructure’. Subsequently, it provides a brief
description of the most important components of the infrastructure in
astronomy. In a third step, the use of one component — the arXiv, an open
access repository for manuscripts — is analyzed. It concludes with some
considerations about the success and acceptance of this infrastructure in
astronomy.
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Introduction The creation and establishment of a discipline-specific digital infrastructure is
challenging. In many cases it is highly questionable before or during its
development whether the requirements of the targeted user group [Van Zundert,
2012] will be met, and when completed whether the extent of its utilization may
stay behind the initial expectations [Kaltenbrunner, 2017, p. 303] often due to
nebulous reasons. The aim of this comment is to approach at least some of the
difficulties of the development of a digital infrastructure in science by drawing on a
successful case: the digital infrastructure in international astronomy. In a first step,
a heuristic model is given. It illustrates that the development of an infrastructure is
not merely a technical task, but a creation of a complex arrangement that includes a
two-sided social embedding of the technology. The second step focuses on the
technical side and describes the digital infrastructure in astronomy with its most
important components and major characteristics. The third step narrows the
perspective to one of its components — the arXiv repository — and reconstructs
how it is being used. The comment concludes with some considerations about the
conditions for success drawn from the example.
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A few remarks on
digital
infrastructures in
science
From a sociological point of view, a digital infrastructure should not be regarded as
a merely technical ‘thing’ but as a complex arrangement where three layers can be
distinguished analytically (see Figure 1).1
The first layer is a system of action for which a digital infrastructure provides
resources. It is important to note that ‘resources’ are context sensitive: the output of
the technical layer acts as a resource only in the context of a specific system of
action. In the course of the action, the output of the technical layer is activated by
specific rules applied by the actor [Schulz-Schaeffer, 1999; Schulz-Schaeffer, 2000].
Regarding science, the formal communication system of science where new
findings are registered, certified, and circulated within the scientific community is
an example for such a system of action. Another one is the research system in
which validity claims are tested, data are gathered and experiments are conducted.
The second layer comprises all technological components and rules that are necessary
for the proliferation of an output. Given that the output of the technical layer
constitutes a resource only in a specific context of use, the question whether or not
a component is part of the infrastructure can only be determined with reference to
the system of action that is supported by the infrastructure.2 For example, the
publication infrastructure supports the formal communication system of science
and comprises publication media like journals, conference proceedings, journal
platforms, open access repositories, online editorial management systems,
classifications embodied in online catalogues, (inter-)disciplinary portals, citation
databases and many other components.
Service organizations that follow the mission of the creation, development and
maintenance of components of the infrastructure during its use constitute a third
layer of the heuristic model. In the case of the publication infrastructure these
organizations include publishing houses, information providers, libraries, and
research organizations.
The three layers can only be distinguished analytically as they form a tripartite
structure and are connected through relationships of enabling. As noted above, the
service organizations ensure the development and maintenance of the publication
infrastructure, while the latter is a prerequisite of the formal communication
system of science. In spite of their differences, all three layers are social
phenomena, which can be subjected to sociological analysis.
Digital
infrastructure of
astronomy
An interesting case is the digital infrastructure in international astronomy as it
comes with some striking features and can be regarded as a dream come true for
open science protagonists. It consists of large components that are closely
connected and offer immediate or delayed access to a large share of publications
and research data. It has been in place since the mid-1990s and is widely being
used by astronomers all over the world.
In astronomy, there is a core of large peer reviewed journals that publish the bulk of
articles. According to the Web of Science Citation Report, the three largest journals
1For a more theory-based introduction to the heuristic, see Taubert [2016] and Taubert [2018].
2In this respect, the heuristic model picks up a relational understanding developed in Star and
Ruhleder [1996], Star [1999], Ribes and Lee [2010].
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Figure 1. Digital infrastructure — heuristic model.
are the Monthly Notice of the Royal Astronomical Society (MNRAS) with 2,790 citable
items,3 the Astrophysical Journal (ApJ) with 2,785 citable items, and Astronomy &
Astrophysics (A&A) with 1,735 citable items in 2014. The next four core journals are
also important but smaller. These are the Astrophysical Journal Letters (ApJL) with
669 citable items, the Astronomical Journal (AJ) with 296 citable items, the
Astrophysical Journal Supplement Series (ApJS) with 159 citable items, and the
Publications of the Astronomical Society of the Pacific (PASP) with 90 citable items. In
addition to the concentration, two other characteristics are remarkable. All of the
journals are owned by learned societies or research organizations and are, as a
result, freely accessible to a large extent. The four journals of the American
Astronomical Society (ApJ, AJ, ApJL, and the ApJS), A&A, and PASP apply a moving
wall open access model that allows free access after a period from 12 to 24 months.4
The astronomical journals deliver abstracts and metadata of their publications to a
second component of the infrastructure, the Astrophysics Data System (ADS) located
at Harvard University (U.S.A.), which can be described as a central information
hub in astronomy. It started as a subject database and abstract service but
developed and now supplies the community with all older relevant astronomical
literature [Eichhorn, 2004]. Regarding currently published research, it provides
links to the publications in journals and conference proceedings. In cases where
publications are also self-archived, ADS also links to the document on the
repository. If a publication reports findings about an astronomical object and if
there are data on the object, ADS provides a link to the data sets. Since ADS is run
by a publicly funded research organization, it is freely accessible online.
Prominent databases for observational data are run by the Centre de Données
Astronomiques de Strasbourg (CDS, France) and include SIMBAD, VizieR, and
ALADIN [Genova et al., 1998]. SIMBAD is a database with descriptions of
astronomical objects, VizieR is a collection or star catalogue, and ALADIN is an
3According to the definition of the Web of Science citable items include the document types article,
review and proceedings paper.
4For a more detailed description and the history of the astronomical core journals, see Osterbrock
[1995] (ApJ), Dalterio et al. [1995] (ApJS and ApJL), Bracher [1999] (AJ), Murdin [2005] (MNRAS), and
Pottasch [2011] (A&A).
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interactive software-based star atlas. Like ADS, the databases of CDS can also be
used without restrictions.
The last component of the astronomical digital infrastructure that should be
mentioned is the subject specific repository arXiv based in Cornell University
(U.S.A.). It was introduced in astronomy in the year 1992 and allows depositing
manuscripts. Like other repositories, the arXiv does not offer any peer review and
should therefore not be understood as a substitute for the journal but as a second
channel for the dissemination of research. It allows depositing papers at any time
before, during, and after the peer review and makes them freely accessible online.
The use of arXiv The next step will focus on the arXiv and will give a brief reconstruction about how
it is used in astronomy. Self-archiving publications and making them freely
accessible online (often called ‘green open access’) is widespread in astronomy. In
the course of a research project.5 I found out that 61.57% of the publication output
of 102 randomly selected astronomers was self-archived mainly on the arXiv. In
addition to bibliometric analyses, I conducted in-depth interviews to gain more
information about the background and decision of self-archiving.6 One focus was
on the question at what point of the publication process astronomers self-archive
their publications. The interviews give evidence that a considerable number of
publications appear as pre-prints, not only before publication in a journal but even
before completion of the peer review process. The interviewees gave two reasons
why to choose such an early point in time: first, there is a high level of competition
in some fields in astronomy. The research frontier is moving fast and there is a need
to publish first. In this context of use the repository acts as a registry that protects
priority.7 Second, to improve the chance of getting their work published, authors in
astronomy are interested in receiving feedback from colleagues before submitting
their papers to journals. Within this context of use the repository acts as a two-way
medium that addresses a specific community and that allows them to react to
a paper.8
When shifting from the authors’ to the readers’ perspective, it becomes apparent
that there is one important difference between pre-prints on the arXiv and
publications in a journal. Early self-archiving before completion of peer review de
facto bypasses the evaluation procedure which is a precondition for trust in
published research. Therefore, the pre-print self-archiving routines of some of the
authors evoke the question whether readers deal with pre-prints in a specific way,
taking their potential non-peer-reviewed nature into account. In the interviews
four types of routines could be identified. First, readers are highly aware of context
information of pre-prints. They are especially interested whether or not a pre-print
5The research project and the methods are described in Taubert [2014] and Taubert [2018].
6The ten interviewees are located in Germany and South Africa coming from a variety of different
institutes and observatories. The sample included astronomers from the European Southern
Observatory, the Max-Planck-Institute for Astronomy, the Hamburg Observatory, the South African
Astronomical Observatory, the Cape Town University and the North-West-University
(Potchefstroom).
7An example from the interviews: “I think everyone wants to get their work out into the public domain
as soon as possible. That‘s the driving reason [for self-archiving, NT]” (I 15, 00:45:28).
8One astronomer explains this motive: “They would be regarding [. . . ] the arXiv as a reviewing body,
seeing the entire community saying, “Oh they could give me feedback. And they can strengthen my paper by
saying it’s crap or it’s good”” (I 12, 00:54:03).
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has already been accepted for publication in a journal.9 Second, information about
the author or the author group is interpreted in terms of trustworthiness. If the
colleagues or the working group are known for good quality in the past, it is likely
that the reader also trusts in findings reported in a pre-print.10 Third, astronomers
limit the citation of pre-prints. For example, when writing a paper they avoid
basing their own argument on a non-published manuscript.11 Fourth, they sharply
distinguish between trustworthy and untrustworthy components of a paper. In
observational astronomy data are often generated by large observatories and do
not have to be subject to peer review. From the astronomers’ perspective, they can
be used right away. In contrast, interpretations of data should be peer reviewed
before being cited.12
Self-archiving and use of pre-prints in astronomy shows that there is a co-evolution
of the technical infrastructure, on the one hand, and routines of scientists in which
technical means are employed, on the other. Routines of authors and readers are
complementary and allow speedier dissemination of new results and findings
within the astronomers’ community. Speed is not only a result of early self
archiving but also of the readers’ routines that help to make pre-prints useable.
Conclusions Put into a broader perspective, the example of the digital infrastructure in
astronomy invites to ask for possible causes for its success. Regarding
self-archiving, two epistemic characteristics of astronomy may be important for the
development of routines of action: first, competition for priority gives strong
incentives for self-archiving and also for reading pre-prints as early as possible.
Second, the benefit of feedback from colleagues that helps to pass peer review is
high, if a community evaluates research according to the same criteria and has a
shared understanding about what is good research. In astronomy, this is the case13
and makes it likely that such routines develop.
A technical infrastructure that provides an output that acts as resources for action
will hardly evolve by accident. The case of the infrastructure in international
astronomy is also instructive here as it points to three factors that make a
co-development of the output of the technical layer and the routines of action
likely. First, the impulse for the creation of the components of the infrastructure
came from the scientific community. This holds for the large astronomy journals
that were created by scientific communities as well as for ADS and CDS. The arXiv
9Such interpretation is explained by interviewee I 4: “If manuscripts are on a preprint-server but not
published in a refereed journal after half a year or so, one would not use them. Or I wouldn‘t use them” (I 4,
00:11:29).
10Interview I 12 explains that the name of the author acts as a proxy for trust: “[. . . ] depends who the
author is [. . . ] you sort of know the work of certain people. [. . . ] It is a small community, there are a few
hundred people [. . . ] so you know most of the people who are working on the same kinds of things” (I 12,
00:40:59).
11As an example for the restriction of the use of pre-prints: “So it’s something insignificant in a sense
in that it’s the latest news [. . . ] Then it’s okay [to cite a pre-print, NT]. So I wouldn’t really place big important
things on pre-review papers [. . . ] There is a small role for that I would say, but yeah, keep it to a minimum” (I
3, 00:15:25).
12“Especially in this area where I’m quite interested in the observation on astronomy so the simple just
reporting of observations doesn’t necessarily need to be peer reviewed. It’s the interpretation of the results, of the
data that needs peer-reviewing really [. . . ]” (I 15, 00:19:21).
13An expression of shared quality standards are low rejection rates in astronomy journals between
10–18% [Abt, 2009].
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is also an example here, since the innovative impulse came from a neighboring
discipline (physics, Ginsparg [1994]). Second, all components of the infrastructure
are controlled by the scientific community, and the service organizations that
maintain the components are (a) actively chosen by astronomers (like the
publishing houses that edit the journals) or (b) strongly embedded in the
community. The latter is the case for ADS und CDS both run by highly respected
astronomical research organizations. Third, the community of astronomers is well
organized and is able to articulate their requirements and needs. These
characteristics of the discipline should not be understood as a necessary
pre-condition for the creation of a digital infrastructure but make it more likely
to succeed.
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